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Gd/M/C Gd:M:C=1:1:98 ; M=Sc, Y, La, Lu
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Gd 3 1 C82(C2v)
Gd@C82(C2v) W-band ESR
 3  1 Gd3+
S=3  4 [1]  
 
 3 W-band ESR 20 K TCB [1] 
 
 1  
 S=3 S=4 
g 1.9970 1.9991 1.9676 2.0210 2.0209 1.9874 
D/cm-1 0.4125 0.1025 
E/cm-1 0.0120 0.0020 
 
 
 4 Gd@C82(C2v)  
  
parameters used in the simulation were S ) 7/2, the principal
values of the g tensor (1.99, 1.99, 2.00), |D′| ) 0.210 cm-1,
and E′ ) +0.018 cm-1. We measured the W-band ESR
spectrum at 4 K, to determine the sign of D′. Figure 3c shows
the observed W-band ESR spectrum with the simulated spectra
for positive and negative D′ at 4 K. The calculated spectrum
for positive D′ is consistent with the observed one at 4 K.
The validity of the ESR parameters derived from modeling
the W-band spectrum was confirmed by their ability to simulate
the X-band ESR spectrum. Figure 3a shows the simulated
spectra for the X-band ESR of Gd@C82-I powder. The simulated
spectrum not only reproduced the observed main peaks but also
the extra lines. In the powder form, the X- and W-band ESR
spectra are characterized by S ) 7/2, which originates from
seven spins on the 4f orbital of Gd3+ ion. The spin quantum
number S ) 7/2 is consistent with the dimer formation of
Gd@C82-I in solution observed in Figure 1. The radical spins
on the cage could be antiparallel coupled in the formation of
magnetic dimer, and the resultant spin state of the dimer would
be described by two independent octet (S ) 7/2) spins of Gd3+.
The magnetic dimer can be related to the preferential dimer
formation of metallofullerenes reported by Hasegawa et al.30
as mentioned in the Introduction. The intermolecular magnetic
interaction between two Gd3+ spins in the dimer is smaller than
the line width of the ESR spectra in the Gd@C82-I powder.
3. Gd@C82 in TCB Solution. As described in the preceding
section, the spectrum of Gd@C82-I in diluted solution was
attributed to the monomer of Gd@C82-I. To investigate the
intrinsic spin state of the molecule of Gd@C82-I, the spectrum
in dilute solution without any disturbance from intermolecular
interaction, i.e., magnetic dimerization, should be observed.
Figure 4 shows the observed W-band ESR spectra for Gd@C82
in dilute TCB solution at 4 and 20 K. The symmetrical spectral
pattern with center at g ) 2.00 was observed. Unlike the
Gd@C82 powder, it exhibits the spectrum without the largest
intensity at g ) 2.00. This spectral pattern is that for the non-
Kramers system, which has an integer spin quantum number.
The signal intensity around g ) 2 decreases with decreasing
temperature. This feature suggests that the components around
g ) 2 are contributed from the excited spin state.
The spin state of the Gd@C82-I monomer should be described
by the total angular momentum of Stot ) 3 or Stot ) 4. The
total angular momentum results from the coupling between the
S ) 7/2 spin on the Gd3+ ion and the radical spin (S ) 1/2) on
C82, and the total angular momentum of Stot ) 3 and Stot ) 4
are produced by the antiferromagnetic and ferromagnetic
couplings, respectively. Some trials of the simulation by using
Stot ) 3 gave a satisfactory spectrum which fitted the observed
W-band spectrum, except for the central lines around g ) 2, as
shown in Figure 5a. After an effort to reproduce the central
lines around g ) 2, one set of reasonable parameters could be
obtained with the simulation by Stot ) 4, as shown in Figure 5
b. The parameters obtained by both simulations by Stot ) 3 and
Stot ) 4 are summarized in Table 1. As mentioned above, the
signal intensity around g ) 2 decreases with decreasing
temperature. Therefore, the spin state with Stot ) 4 is considered
to be the excited state. As a result, it is concluded that the
observed W-band spectrum is a mixture arising from the ground
state of Stot ) 3 and a thermally excited state of Stot ) 4.
In the model of the spin structure using the Hamiltonian in
eq 3, the intramolecular exchange coupling, J, between two spin
sites on the orbital of the fullerene cage (SR ) 1/2) and the
octet spin (SGd ) 7/2) of the encapsulated gadolinium ion, is
neglected. This model is valid under the approximation with
Figure 3. Simulated X-band ESR spectra and W-band ESR spectra at
(a) 4.0 K, (b) 20 K, and (c) 4 K for Gd@C82 powder, respectively.
The solid and broken lines denote the simulated spectra with the positive
and negative D value. The dotted line indicates the observed ESR
spectrum for Gd@C82 powder at 4 K.
Figure 4. Observed W-band ESR spectra for Gd@C82 in TCB solution
at 20 and 4 K. The microwave frequency at 20 and 4 K is 94.2382 and
94.0964 GHz, respectively.
Figure 5. Simulated W-band ESR spectra for (a) S ) 3 and (b) S )
4 by the total angular momentum method. The broken line shows the
observed W-band ESR spectrum for Gd@C82 in TCB solution at 20
K.
TABLE 1: Spin Hamiltonian Parameters for Gd@C82 in
TCB Solution Using Total Angular Momentum Method
S ) 3 S ) 4
g (1.9970 1.9991 1.9676) (2.0210 2.0209 1.9874)
D′S)n/cm-1 +0.4125 +0.1025
E′S)n/cm-1 +0.012 +0.0020



















La Ce Pr C78(D3h) La, Ce  5 [2]  
 
 5 C80(Ih) C78(D3h)  
 
La2@C80(Ih) X-band ESR






 6 (La2@C80(Ih)) X-band ESR [3] 
 
 2 ESR  
 (La2@C80(Ih)) [3] La@C82(C2v)[4] 
S 1/2 1/2 
g 1.835 1.839 1.972 2.001 







E S R  spectra of La2⑨C so・C 3N 3P h2and La2⑨C so anion 
oToshihiro Aizawa1， Takeshi AkasakaヘHiroki Kurihara三and Tatsuhisa Kato 1  
l D p々artment ofJnterdisciplinmァEnvironment，Graduate School Of H u m a n αn d  
Environmental Studies，め10tO University，めoto 606-8501， Japαn 
2  Life Science Center ofTsukuba Advanced Research Alliance， The UniversiかofTsukuba，
Tsukubα， Jbaraki 305-857スJapan
The intra-mo1ecu1ar dynamics of endo-meta1 ions has been of great interest for 
dimetallofullerenes. T w o  isomers of La2@CSO-C3N3Ph2 were s戸lthesized and purified by 
Tsukuba group of the author. The major isomer of La2@CSO・.C3N 3P h2 exhibited the E S R  
spectrum at room temperature as shown in the 1eft-hand side of Fig. 1. The well reso1ved 
hyperfine coup1ing structure can be observed on1y at room temperature in solution. The 
intra-mo1ecu1ar rotation of two L a  ions within C so cage reflects the resu1t that two L a  nuclear 
spins were observed identical. 
La2@CSO anion radica1 produced b y  e1ectrochemistry exhibited the well reso1ved E S R  
spectrum similar to those of La2@CSO閉じN 3P h2・The spectrum measured at 8 0 K  in a  
solution is shown in the right四 hand side of Fig. 1. 1n this case， however， the temperature 
change of the spectrum can be followed 丘o m 3 K  to 180K， which can be consistently ascribed 
to the process of the rotation at various temperatures. 
1000 以)0 例)0 4000 5000 6000 7 0 0 0 0  1000 2000 3000 400C : 澗 60以〕
Mugnel，cFicld!G州出
Fig.l ESR spectra of La2@ CSO・C 3N 3Ph2(le助andLa2@C紛 anion(right). Uppers are observedラlowers are simulated. 
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Gd2C78 Gd2C80  10, 11  
! Gd2-Stage1 
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : Gd-TEA/  
 
 10 HPLC Gd2-Stage1  
 
! Gd2C80-Stage2 
 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 
 :  10  
 




Gd2C78 Gd2C80 UV-vis-NIR  12, 
13 UV-vis-NIR - *




C78(D3h) Gd2@C78(D3h) Gd2C80 C80(Ih)
Gd2@C80(Ih) 1  
 
 12 (Gd2C78) Ce2@C78(D3h)  
UV-vis-NIR  
 







3 Gd3+ [Xe](4f)7 1 f
S=7/2
Gd Q-band ESEFS
 14,15  3 2 S=7/2 1 S=1/2 Gd2@Cn n=78, 80
S=15/2 3
 16  
 
 14 Gd2@C78(D3h) Q-band 
ESEFS  
6 K TBABr  
 
 15 Gd2@C80(Ih) Q-band 
ESEFS  
6 K TBABr  
 
 3  
 (Gd2@C78(D3h))  (Gd2@C80(Ih))  
S 15/2 15/2 
g 1.985 1.99 
D/cm-1 0.0502 0.0342 
E/cm-1 0.0002 0.0107 
 
 


















M2@Cn M3+:S=0; n=78, 80  1-5
Gd3+ f
Gd2@Cn Gd3+ 3 S=0
× GdM@Cn  17  
 
 17 GdM@Cn  
 
3 S=0 3 ×
Sc, Y, La, Lu M2@Cn
 
 
 Sc : [Ar](3d)1(4s)2[5, 7] 
Sc2Cn n=76, 78, 80, 82
UV-vis-NIR Gd2@C80(Ih) UV-vis-NIR
1
Sc2C80 X-band ESR  18
100 1 Aiso
0.016 cm-1 1 [7]  
 













 Y : [Kr](4d)1(5s)2[5] 
Y2Cn n=78, 80 UV-vis-NIR
Ce2@C78(D3h) Ce2@C80(Ih)
Y2Cn n=78, 80 C78(D3h) C80(Ih) Y2@C78(D3h) Y2@C80(Ih)
1 Y2@Cn n=78, 80 X-band ESR
Q-band ESEFS
 19, 20,  4  
 
 19 Y2@C78(D3h) X-band 
ESR  
6 K TBABr  
 
 20 Y2@C80(Ih) X-band 
ESR  
6 K TBABr  
 
 4  
 (Y2@C78(D3h))  (Y2@C80(Ih))  
S 1/2 1/2 
g 1.9754 1.9754 2.0052 1.9654 1.9654 2.0067 





 La : [Xe](5d)1(6s)2[2, 3, 8] 
La2@C78(D3h) La2@C80(Ih) UV-vis-NIR
13C-NMR X X
C78(D3h), C80(Ih) 1 La2@Cn n=78, 80
X-band ESR
 21  5   
 
 21 La2@C78(D3h) X-band ESR  
4 K TBABr [8] 
 
 5  
 (La2@C78(D3h)) [8] (La2@C80(Ih)) [3] 
S 1/2 1/2 
g 1.984 1.984 1.916 1.835 1.835 1.972 
A/cm-1 0.0255 0.0255 0.0318 0.0290 0.0286 0.0391 
 
 Lu : [Xe](4f)14(5d)1(6s)2[5, 9] 
Lu2Cn n=78, 80










3.6 (La2@C78) X-bandESR @4K 
 
La2@C80-Benzyl 3.6 	 ESR
S=1/2 gxx 1.984 gyy 1.894 gzz 1.916 Axx 27.3 mT Ayy 27.3 mT Azz 34.0 








Gd2@Cn Gd3+ 3 S=0 M
× GdM@Cn M=Sc, Y, La, Lu; n=78, 80
 
0 1
1 3 GdM@Cn M=Sc, Y, La, Lu; n=78, 80 Gd2@Cn
n=78, 80 5d, 6s
S=4   
 
Gd  
! C78(D3h) C80(Ih) Y, La Gd ×
 
! C78(D3h) C80(Ih) × Sc C80(Ih)
× Lu Gd C78(D3h)
C80(Ih)  
! HPLC 3  
!  
! ESR  
! Aiso 3  
 


















2 GdM  
GdM M=Sc, Y, La, Lu  2-1
Gd:M:C=1:1:98 3 Gd2O3 M Sc2O3, Y2O3, 
La2O3, Lu2O3
10 mm 1
 100 1 150  6
5  7  
 
 6  
/    150  400  600  800  1000  250 
/  0 5 5 5 5 5 5 5 5 20 60 20  
 
 7  
/    400  800  1100  200 
/  0 10 10 10 10 60 60 20  
 
He 500 Torr 60 A GdM
8~9 g  100 mL TEA/ TEA:
=1:3 8 5B 4 µm MEMBRANE






2 GdMC78 GdMC80 1
M2C78 M2C80  
 








GdY GdYC78 m=1182 C98 m=1176
GdYC80 m=1206 C100 m=1200
 
GdLa GdLaC78 m=1232 Gd La
GdLaC80 m=1256 Gd2C78 m=1251 Gd2C80
1  
GdLu GdLuC78 m=1268 GdLuC80 m=1292 C106 m=1272
C108 m=1296  
 
GdSc  2-3
Gd2@Cn n=78, 80 Buckyprep
Buckyprep-M HPLC  24, 25  
!  
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdSc-TEA/  
 





 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 








1 mM TBABr Buckyprep-M HPLC  25












 8 EMF  
 m/z EMF  
Sc-AA 1027.0 Sc2C78 1026  
1138.8 GdScC78 1138  
1250.5 Gd2C78 1251  
Sc-AB 955.39 Sc2C72 954  
1067.5 GdC76 1069  
1104.6 ScC88 1101  
1115.2 GdC80 1117  
1164.0 GdC84 1165  
1217.5 GdC88 1213  
Sc-BA 1270.0 Gd2C80 1275  
Sc-BB 1000.8 Sc2C76 1002  
1024.8 Sc2C78 1026  
1045.2 Sc2C80 1050  
1068.2 Sc2C82 1074  
1113.0 GdC80 1117  
1137.5 GdC82 1141  
1158.2 GdScC80 1162  
Sc-BC   
Sc-CA 1113.5 GdC80 1117  
Sc-DA 1183.4 GdC86 1189  
Sc-EA 1184.8 GdC86 1189  








 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdSc-TEA/  
 




 : C18-AR- 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  27  
 





 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 
 :  27  
 
 29 HPLC GdScC80-Stage2  
 
! GdScC80-Stage3 
 : C18-AR- 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  29  
 





Gd2@Cn n=78, 80 Buckyprep Buckyprep-M
HPLC  31, 32  
!  
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdY-TEA/  
 
 31 HPLC GdY-  
 
!  
 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 
 :  31  
  




 32  33
 9 Y-AA GdYC78
Y-BA GdYC80  
 
 33 GdY-  
,  
 
 9 EMF  
 m/z EMF  
Y-AA 1107.3 Y2C78 1114  
1174.6 GdYC78 1182  
1242.9 Gd2C78 1251  
Y-AB 1045.4 GdC74 1045  
Y-BA 1132.8 Y2C80 1138  
1201.7 GdYC80 1206  
1269.4 Gd2C80 1275  
Y-BB 1042.5 YC80 1049  
1069.3 YC82 1073  
1111.0 GdC80 1117  
1137.2 GdC82 1141  





MM’=Y2, GdY, Gd2 HPLC GdYC80
Buckyprep Y2C80, GdYC80, Gd2C80
Gd2C80 MM’C80 MM’=Y2, GdY
HPLC  
! GdY-Stage1 
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdY-TEA/  
 






 : C18-AR- 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  34  
 
 35 HPLC GdYC78-Stage2  
 
! GdYC80-Stage2 
 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 
 :  34  
 





 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  36  
 
 37 HPLC GdYC80-Stage3  
 
! GdYC80-Stage4 
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  37  
 





Gd2@Cn n=78, 80 Buckyprep Buckyprep-M
HPLC  39, 40  
!  
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdLa-TEA/  
 





 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 









 40  41
 10 La-AA GdLaC78
La-BA GdLaC80  
 





 10 EMF  
 m/z EMF  
La-AA 1224.7 La2C78 1214  
1241.0 GdLaC78 1232  
1262.1 Gd2C78 1251  
La-AB 1058.7 LaC76 1051  
1077.3 GdC76 1069  
1106.7 LaC80 1099  
1133.3 GdC80 1117  
LaC82 1123  
La-BA 1249.4 La2C80 1238  
1269.1 GdLaC80 1256  
La-CA 1290.0 Gd2C80 1275  
La-CB 1103.6 LaC80 1099  
1129.3 GdC80 1117  
LaC82 1123  
1146.7 GdC82 1141  
La-DA 1103.9 LaC80 1099  
La-DB 1130.0 LaC82 1123  
La-EA 1198.2 LaC88 1195  
La-EB 1178.1 LaC86 1171  
La-FA 1147.9 GdC82 1141  
La-GA 1203.7 LaC88 1195  








 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdLa-TEA/  
 




 : C18-AR- 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  42  
 





 : C18-AR- 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  43  
 
 44 HPLC GdLaC78-Stage3  
 
! GdLaC80-Stage2 
 : C18-AR- 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 :  42  
 





Gd2@Cn n=78, 80 Buckyprep Buckyprep-M
HPLC  46, 47  
!  
 : Buckyprep 20 250 mm  
 : 20 mM TBABr  
 : 9 mL/min 
 : GdLu-TEA/  
 
 46 HPLC GdLu-  
 
!  
 : Buckyprep-M 10 250 mm  
 : 20 mM TBABr  
 : 3 mL/min 
 :  46  
  





 : Buckyprep-M 10 250 mm  
 : 1 mM TBABr  
 : 3 mL/min 
 :  46  
  
  















 11 EMF  
 m/z EMF  
Lu-AA 1024.7 GdC72 1021  
1078.3 GdC76 1069  
1130.0 LuC80 1135  
1149.2 GdC82 1141  
1178.5 LuC84 1183  
Lu-AB 1106.6 LuC78 1111  
1219.6 GdC88 1213  
1247.5 Gd2C78 1251  
Lu-BA 1278.4 Gd2C80 1275  
Lu-BB 1161.3 LuC82 1159  
Lu-BC 998.7 GdC70 997  
1029.8 GdC72 1021  
1120.7 GdC80 1117  
1144.3 GdC82 1141  
Lu-CA 1046.8 GdC74 1045  
1072.6 GdC76 1069  
Lu-DA 1184.4 GdC86 1189  
Lu-DB 1141.2 GdC82 1141  
Lu-EA 1026.9 GdC72 1021  
Lu-FA 1103.6 GdC78 1093  











 12  
  
GdScC78 Buckyprep C18-AR-  
GdScC78 Buckyprep Buckyprep-M C18-AR-  
GdYC78  Buckyprep C18-AR-  
GdYC80  Buckyprep Buckyprep-M Buckyprep Buckyprep 
GdLaC78 Buckyprep C18-AR- C18-AR-  













3 UV-vis-NIR  
GdMC78 M=Sc, Y, La  3-1
GdMC78 M=Sc, Y, La UV-vis-NIR  50
GdYC78 Gd2@C78(D3h) Y2@C78(D3h) UV-vis-NIR
UV-vis-NIR
- * 1 GdMC78 M=Sc, La UV-vis-NIR




GdMC78 M=Sc, Y, La C78(D3h)
GdSc@C78(D3h) GdY@C78(D3h) GdLa@C78(D3h) 1
 
 




GdMC80 M=Sc, Y, La  3-2
GdMC80 M=Sc, Y, La UV-vis-NIR  51
GdYC80 Y2@C80(Ih) UV-vis-NIR
GdMC80 M=Sc, Y, La UV-vis-NIR Gd2@C80(Ih)
GdYC80 GdLaC80 400~500 nm
GdYC80 GdLaC80 C80(Ih) GdY@C80(Ih) GdLa@C80(Ih)
1 GdScC80 UV-vis-NIR
Gd2@C80(Ih) 1  
 





Gd Sc, Y, La Sc 1 Sc2Cn n=78, 
80 Sc2Cn n=78, 80 UV-vis-NIR
M2@C78(D3h) M2@C80(Ih)




3 [10] Sc2Cn UV-vis-NIR
Sc
3 Sc2C78  
 
 52 (M2C78) M=Sc, Y, La, Gd
UV-vis-NIR  
 







MM’C78 M, M’=Sc, Gd Sc2C78 MM’C80 M, M’=Sc, Gd
 54, 55
Sc
UV-vis-NIR 3  
 
 54 (MM’C78) M, M’=Sc, Gd  
UV-vis-NIR  
 






650 nm GdM@C78(D3h) M=Sc, Y, La M2@C78(D3h)




3 Sc  C78(D3h) C80(Ih) ×
Gd Sc Sc2C78, Sc2C80, GdScC80
Sc2@C78(D3h), Sc2@C80(Ih), GdSc@C80(Ih) 1 3  
 
 13  
 /nm eV  
(Gd2@C78(D3h))  641.5 1.933  
(GdSc@C78(D3h))  647.0 1.916  
(GdY@C78(D3h))  639.5 1.939  
(GdLa@C78(D3h))  643.5 1.927  
(Y2@C78(D3h))  638.0 1.943  
(La2@C78(D3h))  647.5 1.915  
 
 





4 ESR  
ESR  4-1
Bruker E500 X-band ESR Bruker 
E680 W-band ESR ESR GdM@C78(D3h) M=Sc, 
Y, La, Gd GdMC80 M=Sc, Y, La, Gd X-band ESR  57
GdM@C78(D3h) M=Sc, La GdMC80 M=Sc, Y, La W-band ESR
 58  
 
 57 (GdM@C78(D3h)) (GdMC80) M=Sc, Y, La, Gd  





 58 (GdM@C78(D3h)) M=Sc, La (GdMC80) M=Sc, Y, La  
W-band ESR 20 K TBABr  
 
 4-2
ESR MATLAB Easy 
Spin  
ℋ = !! ∙ ! ∙! + ! ∙ ! ∙ ! + ! ∙ ! ∙ ! 
×
Gd I=3/2 1 Gd2@Cn
n=78, 80 I=7/2 Sc, La I=1/2




GdM@C78(D3h) M=Sc, La  4-3
GdM@C78(D3h) M=Sc, La W-band ESR
Gd2@C78(D3h)  14 3
S=4
GdSc@C78(D3h)  60, 61 GdLa@C78(D3h)  62, 63
Gd2@Cn n=78, 80 3 GdM@C78(D3h) M=Sc, 
La Gd3+ S=7/2 S=1/2
S=4 Gd3+
4f 5d, 6s 1
A  59 3
GdM@C78(D3h) 1 A
 
 14  
 (GdSc@C78(D3h))  (GdLa@C78(D3h))  
S 4 4 
g 1.9858 1.9858 1.9915 1.98 1.98 1.991 
D/cm-1 0.1149 0.1545 
E/cm-1 0.0003 0.0005 
A/cm-1 0.0017 0.0017 0.0021 0.0027 0.0027 0.0035 
 
 





 60 (GdSc@C78(D3h)) W-band ESR  
 
 





 62 (GdLa@C78(D3h)) W-band ESR  
 
 






W-band  14 X-band ESR
 64, 65 1  
 
 64 (GdSc@C78(D3h)) X-band ESR  
 
 





GdMC80 Sc, Y, La  4-4






W-band X-band Q-band ESEFS
Gd2@C80(Ih) Y2@C80(Ih) W-band ESR
Gd2@C80(Ih) Y2@C80(Ih)
1  66 3
1  
 
 66 (GdY@C80(Ih)) W-band ESR  








ESR  15  
A Aiso Ax, Ay, Az Aiso
s GdLa@C78(D3h) Aiso La@C82
30 La@C82 Aiso La
La@C82 GdLa@C78(D3h)
1  
La2@C78(D3h) 1/9 1 La
Gd La La
 
GdSc@C78(D3h) Aiso Sc@C82 5 1 La






 15 Aiso  
 Aiso/cm-1 
(GdLa@C78(D3h))  0.0030 
La@C82[4] 0.0001 
(La2@C78(D3h)) [8] 0.0276 
(La2@C80(Ih)) [3] 0.0322 
(GdSc@C78(D3h))  0.0018 
Sc@C82[11] 0.0004 










M2@C80(Ih) Sc, La, Gd  16 [10]
La > Sc > Gd
3 Gd La 5d, 6s
 67 3 6s
Gd  
 
 16 [10] 
 /eV 
(Sc2@C80(Ih))  -2.936 
(La2@C80(Ih))  -2.054 
(Gd2@C80(Ih))  -3.069 
 
 











Gd D, E  17 Gd@C82(C2v)
3 [1]  
ℋ = !! !!" ∙ !!" ∙ !! + !! ∙ !! ∙ !! + !!" ∙ !!" ∙ !!" + !!" ∙ !!"!! ∙ !! + 2!!!" ∙ !! 
3 D Gd3+ Gd3+
Gd 3 S=0 M GdM@Cn
3
 











S=3 D DGd DGd-R
3 S=0 M DGd
1 DGd-R DGd-R -








DGd-R 3  
E D x, y 3






 17 D E  
 D/cm-1 E/cm-1 
(GdSc@C78(D3h))  0.1149 0.0003 
(GdLa@C78(D3h))  0.1545 0.0005 
(Gd2@C78(D3h)) [3] 0.0502 0.0002 
(Gd2@C80(Ih)) [3] 0.0342 0.0107 





GdMCn M=Sc, Y, La; n=78, 80 GdLu
GdMCn M=Sc, 
La; n=78, 80 GdYCn n=78, 80  
UV-vis-NIR GdM@C78(D3h) M=Sc, Y, La GdM@C80(Ih) M=Y, 
La M2@C78(D3h) M= Y, La, Gd GdM@C78(D3h) M=Sc, 
Y, La 650 nm
 
ESR GdM@C78(D3h) M=Sc, La





GdMC80 M=Sc, La D
1 GdY@C80(Ih) GdMC80
GdY@C80(Ih) W-band X-band
1 GdMC80 M=Sc, Y, La
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